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INTRODUCTION causative organisms into the categories of pyomyositis, psoas

Myositis is defined as inflammation of a muscle, especially a
voluntary muscle, characterized by pain, tenderness, swelling,
and/or weakness. The many different etiologies of myositis
include infection, autoimmune conditions, genetic disorders,
medication adverse events, electrolyte disturbances, and dis-
eases of the endocrine system (Table 1) (260). Some idiopathic
cases of polymyositis are suspected to be related to infectious
agents, especially viruses such as the paramyxoviruses or en-
teroviruses (120, 170, 264). However, conclusive evidence to
date is lacking. Microorganisms may cause myositis via im-
mune mechanisms without directly infecting the muscle (43).
In addition, they may cause infectious myositis, which is de-
fined as infection of skeletal muscle.

Infectious myositis may be due to a wide variety of patho-
gens, including bacteria, fungi, parasites, and viruses (Table 2)
(28, 42, 49, 121, 171, 174). Their clinical course may be acute,
subacute, or chronic in nature. Although the diagnosis of the
causative microbe requires cultures and/or other diagnostic
testing, some clinical findings suggest the general category of
the agent. For example, bacterial myositis usually presents as a
focal muscle infection, whereas viruses and parasites are often
more diffuse in nature, leading to generalized myalgias or
multifocal myositis. Pyomyositis is defined as an acute intra-
muscular infection that is secondary to hematogenous spread
of the microorganism into the body of a skeletal muscle; by
definition, it is not secondary to a contiguous infection of the
soft tissue or bone, nor due to penetrating trauma. Given the
musculature’s resistance to infection, bacterial myositis often
occurs in the setting of muscular injury, surgery, ischemia, or
the presence of a foreign body. Certain hosts, such as those
with immunocompromising conditions, have a heightened risk
of bacterial and fungal myositis (49, 207, 257).

BACTERIAL INFECTIONS OF THE MUSCULATURE

Overview

Bacterial infections involving muscle are relatively uncom-
mon. Myositis may result from contiguous sites of infection,
penetrating trauma, vascular insufficiency, or by hematogenous
dissemination. The infecting organism is related to the mech-
anism of the infection. For instance, an acute bacterial infec-
tion of skeletal muscle that is the result of hematogenous
spread is most commonly due to Staphylococcus aureus. Infec-
tion in the setting of penetrating wounds or vascular insuffi-
ciency is often polymicrobial. Establishing the bacterial or
other cause of myositis is crucial in the management of myo-
sitis cases; this should be accomplished by Gram and other
microbiologic stains, followed by aerobic and anaerobic culture
and sensitivity data. A wide variety of bacteria may cause
myositis, as shown in Table 2. Bacterial infections of the mus-
culature are often categorized according to the inciting event,
clinical presentation, including anatomic location, and the

abscess, S. aureus myositis, group A streptococcal necrotizing
myositis, group B streptococcal myositis, clostridial gas gan-
grene, and nonclostridial myositis (28, 171) (Table 3).

Pyomyositis

Pyomyositis is defined as an acute intramuscular bacterial
infection which is neither secondary to a contiguous infection
of the soft tissue or bone nor due to penetrating trauma.
Infections are a result of hematogenous spread and are usually
due to S. aureus (8, 40, 42, 49). Of note, other metastatic
infections or endocarditis generally are not present despite the
occurrence of bacteremia.

Epidemiology. Pyomyositis has been referred to as “tropical
pyomyositis,” as most early cases were described in the tropics
(8). In fact, in Africa, up to 4% of admissions may be due to
pyomyositis (100). Pyomyositis in the tropics usually occurs
among previously healthy persons and often among children.
In the United States, cases were previously considered rare,
with the first case described in 1971 (135). Some initial cases in
the United States were among recent immigrants, while others
were among long-time residents (42). During the past 2 de-
cades, an increasing number of cases in the United States have
been reported in the literature; a review from 1981 to 2002
noted 246 cases (49). The mean age at diagnosis was 34 years,
but pyomyositis has developed over a wide range of ages (from
2 weeks to 92 years) (49). A male predominance of infection
both within tropical and temperate regions has also been
noted. Cases in the United States often occur among immu-
nocompromised persons; a study found that 48% of pyomyo-
sitis cases among human immunodeficiency virus (HIV)-unin-
fected persons had at least one underlying medical condition
(49). The rising incidence rates of pyomyositis cases within the
United States are likely the result of increasing numbers of
immunocompromised patients, including cancer patients re-
ceiving chemotherapy and those with rheumatologic condi-
tions taking immunomodulatory agents, in addition to those
with HIV infection, diabetes mellitus, and liver disease (49, 72,
246).

Patients with HIV appear to have an increased risk of de-
veloping these infections, which may be a result of several
factors, including higher colonization rates with S. aureus, neu-
tropenia, defective neutrophil and cell-mediated immune re-
sponses, use of intravenous lines, and predisposing muscle
conditions due to the virus itself (i.e., HIV myopathy) or an-
tiretroviral medications (e.g., mitochondrial myopathy associ-
ated with zidovudine) (28, 207, 257). Most cases have occurred
among HIV patients with end-stage disease (CD4 cell count of
<100 cells/mm?) (49). The true incidence or risk of pyomyo-
sitis among this group is unknown since it is not a reportable
disease and large prospective studies have not been performed.
The literature suggests that the number of pyomyositis cases
has increased since the HIV epidemic began (42) and a com-
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TABLE 1. Causes of noninfectious myositis or myopathic symptoms

Myopathy-related disease or manifestation

Idiopathic inflammatory myopathies

Polymyolitis

Dermatomyositis

Inclusion body myositis

Myositis associated with collagen vascular diseases
Polyarteritis nodosum
Wegener’s granulomatosis
Systemic lupus erythematosus
Rheumatoid arthritis
Scleroderma
Sjogren’s syndrome
Leukocytoclastic vasculitis
Hypersensitivity vasculitis
Polymyalgia rheumatica
Mixed connective tissue disease
Adult Still’s disease

Myositis associated with malignancies

Other forms of myopathies
Inflammatory myopathies
Myositis associated with eosinophilia
Myositis ossificans
Giant cell myositis
Myopathies due to drugs and toxins

Diseases causing myopathic signs and symptoms
Metabolic myopathies
Inborn errors of metabolism
Disorders in glycogen metabolism
Lipid storage disorders
Mitochondrial myopathies
Endocrine disorders
Hypo- and hyperthyroidism
Acromegaly
Addison’s disease
Cushing syndrome
Hyperaldosteronism
Hyperparathyroidism
Electrolyte abnormality
Nutritional deficiency
Neuropathic disorders
Muscular dystrophies
Others, including diseases of the neuromuscular junction
Medication-related adverse events
Other causes
Sarcoidosis
Amyloidosis
Behcet’s disease
Atherosclerotic emboli

prehensive review of cases among HIV-infected persons noted
several (n = 84) published cases among this group since 1987
(49).

Pathogenesis. The pathogenesis of pyomyositis involves
transient bacteremia in the setting of muscle injury. Bacter-
emia without concurrent muscle damage is unlikely to cause
myositis, since healthy muscle is quite resistant to infection
(151). For instance, in a study of staphylococcal bacteremia,
<0.5% developed myositis (217). Muscle trauma or injury has
been proposed as a prerequisite to the development of pyo-
myositis; however, many studies have reported a history of
trauma or muscle injury in only 30 to 50% of cases (216).
Trauma may also lead to hematoma formation that may be
seeded during transient bacteremia. In addition to blunt
trauma, overuse muscular injuries may be a risk factor for the
development of pyomyositis. For instance, young athletes may
be at a slightly higher risk of pyomyositis due to overuse inju-
ries concurrent with asymptomatic episodes of bacteremia (45,
127). The mechanism may be a combination of overuse with
muscle injury and the development of skin abrasions during
athletic participation whereby bacteria enter the body (127).
Given the infrequency of case reports of overuse injuries lead-
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TABLE 2. Infectious causes of myositis

Organism group Organism(s)*

Gram-positive bacteria................ Staphylococcus aureus”
Group A Streptococcus””
Streptococcus (groups A, B, C, and G, S. pneumoniae,
S. anginosus)
Gram-negative bacteria.............. Aeromonas hydrophila”™" .
Burkholderia mallei, B. pseudomallei”
Citrobacter freundu
Enterobacter spp,
Escherichia coli .
Haemophilus influenzae”
Klebsiella oxytoca, K. J)neumomae "
Morganella morganni_
Neisseria gonorrhoeae "
Pasteurella spp.
Proteus spp.
Pseudomonas SpP
Salmonella spp. |
Serratia marcescens
Vibrio vulnificus” -
Yersinia enterocolitica
Anaerobic bacteria...........ccen.e Bacteroides spp.
Clostridium spp.”” .
Fusobacterium necrophorum and F. nucleatum”
Streptococcus spp. (anaerobic, e.g., Peptostreptococcus)”
Veillonella spp.
-.Mycobacterium avium complex -
Mycobacterium bovis™ .
Mycobacterium haemqphllum
Mycobacterium leprae
Mycobacterium tuberculosts
Actinomyces sgp
Bacillus spp.
Bartonella spp.”
Borrelia burdorferi .
Brucella spp.
Coxiella burnetii”
Francisella tularensis™ .
Legionella pneumophtla
Leptospira spp.
Mycoplasma pneumumae
Nocardia spp.
Rickettsia rickettsii and R. conorii "
Treponema pallidum
Fungi.....cococvvvvvnccncvcrccnnnn Aspergillus spp.
Blastomyces dermatztldts o
Candida spp.*
Coccidioides spp.”
Cryptococcus neoformans -
Fusarium spp.
Histoplasma capsulatum "
Pneumocystis jiroveci
..Entamoeba histolytica o
Echinococcus spp.
Microspordia spp. (Brachiola, Trachipleistophora,
Pleistophora)” -
Onchocerca volvulus
Plasmodium spp.
Sarcocystis spp.
Schistosoma spp.
Spirometra mansonoides”
Taenia solium’
Toxocara canis’ "
Toxoplasma gondu
Trichinella spp.
Trypanosoma cruzi
.Adenovirus
Cytomegalovggs "
Dengue virus
Enteroviruses (coxsackie B virus and ECHO virus)”
Epstein-Barr virus "
Hepatitis B and C v1ruses
Herpes simplex virus 2"
HIV'
HTLV-1""
Influenza A and B viruses”
Mumps virus”
Parainfluenza v1*rusA :
Parvovirus B19"" .
Varicella-zoster, Vlrus
West Nile virus”

Mycobacterium spp. ..........c.co......

Atypical bacteria .......cveveririnnes

Parasites ..o

P

e

VITUSES ..o

a*

, the most common cause of myositis in the causative organism category. Of
note, S. aureus accounts for 90% of the pyomyositis cases in the tropics and 70% of
cases in the developed world. The most common fungal agent is Candida spp., and
influenza virus is the most frequent viral cause of myositis identified. The occurrence
of parasitic myositis depends on geographic location; cases are rare in the United
States. **, occasionally causes myositis. ~, rarely causes myositis; the literature
mainly involves case reports of the organism causing myositis.
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TABLE 3. Categories of bacterial pyogenic infections of the musculature

Infection type

Causative agent(s)

Pyomyositis
Psoas abscess

Staphylococcus aureus myositis
Group A streptococcal necrotizing myositis
Group B streptococcal myositis
Clostridium species myositis, gas gangrene
Nonclostridial myositis

Anaerobic streptococcal myonecrosis

Synergistic nonclostridial myonecrosis
Aeromonas myonecrosis
Vascular gangrene

Usually Staphylococcus aureus”

S. aureus, mixed gram-positive organisms, gram-negative aerobic and
anaerobic organisms, Mycobacterium spp.”

S. aureus

Streptococcus pyogenes

Streptococcus agalactiae

Usually C. perfringens, but in spontaneous cases C. septicum

Peptostreptococcus; also may involve group A streptococci and S. aureus

Streptococci and mix of other organisms
Aeromonas hydrophila
Proteus, Bacillus, Bacteroides, and others

“ See Table 1 for other etiologic agents.

ing to pyomyositis (45, 127) and the large number of young
athletes, the overall risk for pyomyositis in this group appears
to be low. Several other conditions have been suggested in the
pathogenesis of pyomyositis, including nutritional deficiencies,
arboviral infections, and malaria, although supporting evi-
dence is lacking (121). Finally, injection drug use, atopic der-
matitis, and varicella may also be risk factors for pyomyositis
due to the potential for bacteria to enter through areas of
compromised skin integrity (82, 205, 216). In most cases, the
exact inciting event which led to the development of pyomyo-
sitis remain obscure.

Microbiology. As previously noted, S. aureus is the causative
agent in the majority of cases, accounting for 90% of infections
in the tropics and 60 to 70% of cases in the United States (40,
42, 49). Of note, recent reports show that community-acquired
methicillin-resistant S. aureus (MRSA) is an important cause
of pyomyositis (82, 144, 169, 193). A series of 26 cases of S.
aureus myositis among children found that the majority (n =
16) of isolates were due to community-acquired MRSA (169).
This case series also showed that patients with MRSA isolates
which carried the Panton Valentine leukocidin genes had
larger abscesses and required more drainage procedures (169).
Two of the patients with MRSA pyomyositis developed life-
threatening infections, including septic shock (169).

The second most common type of bacteria implicated in
causing pyomyositis is group A streptococci. Other species of
streptococci have been described, but these are overall uncom-
mon; they may include groups B, C, and G streptococci as well
as S. pneumoniae (12, 29, 46, 171, 232, 246, 255, 259, 265).
Group B streptococci (S. agalactiae) is an opportunistic organ-
ism that is occasionally seen among diabetic patients who de-
velop pyomyositis or necrotizing fasciitis (12, 29, 246). Less
common bacterial causes of pyomyositis include gram-negative
bacilli, anaerobes (e.g., Clostridium spp.), Bartonella spp. (103,
256), and Mycobacterium spp. (e.g., M. tuberculosis, M. avium
complex) (131, 173, 211, 251). Another reported cause of pyo-
myositis is Fusobacterium necrophorum, which may lead to
Lemierre’s syndrome with septic thrombosis of the jugular
vein, followed by septic emboli to the musculature causing
pyomyositis (50); Fusobacterium nucleatum has also been
noted to cause pyomyositis (20). Other atypical organisms in-
clude Actinomyces myositis described in the setting of alcohol-
ism and poor dentition (104). The more unusual pathogens,

such as gram-negative organisms (e.g., Salmonella, Bartonella)
and fungi (e.g., Candida spp., Cryptococcus neoformans), are
typically seen among immunocompromised patients (49). Ta-
ble 2 shows the described bacterial etiologic agents of pyomyo-
sitis.

Clinical manifestations. The evolution of pyomyositis may
involve three stages (40). The first stage is typically subacute,
occurring over 1 to 3 weeks, with local swelling and a “woody”
texture, mild pain, and variable fevers. During this “invasive
phase,” bacteria have begun to infect the muscle but a defin-
itive purulent collection has not yet developed. The diagnosis
is often confused with thrombosis, hematoma, contusion, mus-
cle strain/rupture, or osteomyelitis. During the second or “sup-
purative” stage (which occurs at 10 to 21 days), tenderness and
fevers become more pronounced. This is the stage at which the
diagnosis of pyomyositis is usually established. Of note, local
erythema and regional adenitis, which are common findings in
soft tissue infections, are usually absent in pyomyositis. Imag-
ing demonstrates a definitive abscess, and aspiration will yield
pus at this stage. If the infection remains undiagnosed and
untreated, intense local pain and fluctuance, as well as systemic
findings, including sepsis, will develop as part of the third stage
of pyomyositis.

Most pyomyositis cases involve only a single muscle group,
but more diffuse involvement is described in 10 to 20% of
cases. The large muscles of the lower extremities are most
commonly affected (such as the quadriceps and gluteus muscle
group), perhaps as a result of strenuous exercise or trauma
leading to muscle injury (25, 45, 127). Any skeletal muscle
group may be involved.

Differential diagnosis of pyomyositis may include a diverse
number of clinical conditions involving bone (osteomyelitis),
joints (septic arthritis), vessels (thrombosis), or muscle (hema-
toma or strain). Other conditions may also be confused with
pyomyositis. When the iliopsoas muscle is involved, appendi-
citis may be suspected (262). Likewise, iliacus or obturator
internus pyomyositis mimics septic arthritis of the hip, and
pyriformis myositis may suggest an epidural abscess or sciatica
(38, 41, 45).

Diagnosis. Laboratory evaluation reveals leukocytosis with a
left shift and an elevated erythrocyte sedimentation rate. The
exception is that among HIV patients the white blood count is
only elevated in 19% of cases due to their immunosuppressed
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condition (49). In the tropics, eosinophilia is also described,
likely related to a concurrent parasitic infection. Muscle en-
zymes such as creatine kinase and aldolase are paradoxically
normal despite muscle inflammation.

Determining the causative organism is imperative to opti-
mizing therapy. Cultures of the purulent material after radio-
logically guided drainage or open surgical procedure should be
obtained. A Gram stain should be performed; other microbi-
ologic stains are important when fungal, parasitic, or atypical
bacterial agents are suspected (e.g., use of the acid-fast bacilli
stain for Mycobacterium). Aerobic and anaerobic wound cul-
tures should be performed as well as antimicrobial sensitivity
testing. Cultures for Mycobacterium spp. and fungi should be
considered, especially in an immunocompromised host. Two
sets of aerobic and anaerobic blood cultures should also be
obtained. Of note, bacteremia is often transient, as blood cul-
tures are only positive in 5 to 35% of cases (49, 100, 171); the
higher percentage of this range is from developed countries,
which generally have improved blood culture capabilities.

The diagnosis of pyomyositis relies on imaging. Plain films
may show soft tissue swelling, but their utility is limited. Ul-
trasound, computed tomography (CT), or magnetic resonance
imaging (MRI) scans are more sensitive at detecting pyomyo-
sitis. CT scans may demonstrate focal abscess formation within
the muscle by revealing a low-density area with a central fluid
collection and surrounding rim of enhancement. MRI shows a
hypointense central area with a gadolinium-enhanced rim and
has the highest specificity especially for axial lesions. While
MRI is the test of choice due to its high precision, most often
cases are diagnosed using CT scans, as this method is usually
more accessible. Radionuclide scans are usually not useful,
since they are unable to precisely determine the site of infec-
tion (e.g., myositis versus fasciitis).

Treatment. During the first stage, a distinct collection of pus
is not present, and this stage often can be treated with antibi-
otics alone. Management of stage 2 or 3 pyomyositis involves
surgical drainage either via CT- or ultrasound-guided drainage
or via an open procedure. These procedures should be per-
formed in an urgent manner and should ensure complete
drainage of the purulent collection. Antibiotics are initially
administered intravenously and should cover S. aureus. A
B-lactamase-resistant penicillin, such as oxacillin or nafcillin,
was commonly utilized in the past. Given the high rates of
MRSA in both the community and hospital settings, initial
therapy with vancomycin should be considered. Other antibi-
otic choices for MRSA pyomyositis include daptomycin, lin-
ezolid, tigecycline, and quinupristin-dalfopristin. Clindamycin
may be useful, but due to increasing reports of resistance, this
antibiotic should be reserved for an infection in which the
organism shows sensitivity by D testing (136, 213). Since lin-
ezolid is bacteriostatic and tigecycline has low peak serum
levels, these agents are not recommended in patients with
concurrent bacteremia.

For immunocompromised patients, broad-spectrum antibi-
otics should be utilized, which will also include gram-negative
and anaerobic coverage; in such cases, vancomycin and a car-
bapenem or B-lactam/B-lactamase inhibitor (e.g., piperacillin-
tazobactam) is recommended. For anaerobic infections, clin-
damycin is an excellent agent. In addition, cases with both
necrotizing myositis and fasciitis may benefit from the use of
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clindamycin, since it inhibits protein and toxin synthesis and is
effective in a setting of large quantities of bacteria in various
stages of replication due to the Eagle effect (65, 224). Antibi-
otics should be modified based on culture and sensitivity re-
sults. For instance, group A streptococcal infections are best
treated with a combination of penicillin G and clindamycin
(224).

Therapy is usually with intravenous antibiotics for the first 1
to 2 weeks and then oral antibiotics for a total of 4 to 6 weeks
(216). A longer duration may be warranted in multifocal or
severe disease or for certain organisms, such as Mycobacterium
spp. Follow-up imaging to ensure resolution of the abscess is
recommended. Prognosis is good, particularly when the infec-
tion is diagnosed during the first or second stage. The mortality
rate has been cited as <1% to 4%. Complete recovery is
typical; recurrence is uncommon but may occur among immu-
nosuppressed patients or among those with atypical infections,
such as Mycobacterium or Salmonella (49).

Psoas Abscess

A psoas abscess is defined as a purulent infectious collection
within the psoas muscle. These infections have traditionally
been classified separately from pyomyositis. Psoas abscesses
are defined as primary if there is no obvious source of infec-
tion; these are typically due to occult hematogenous spread.
Secondary psoas abscesses are due to contiguous spread from
a nearby infection. Most commonly, infection involves only one
of the psoas muscles; however, bilateral psoas abscesses have
been described, especially in cases with concurrent Pott’s dis-
ease (143).

Epidemiology. Psoas abscess was first described in 1881 by
Mynter (157). They are overall uncommon infections in the
developed world. Approximately 400 cases have been de-
scribed in the literature to date (91, 187), but this is an under-
estimate of the true number of cases. Cases of psoas abscesses
in the United States at the beginning of the 20th century were
largely due to Mycobacterium tuberculosis infections which in-
volved bacterial spread between the vertebrae and psoas mus-
culature. After the decline of tuberculosis in the United States,
cases were mainly secondary psoas abscesses due to nearby
gastrointestinal or genitourinary infections (248). Recently, the
trend has shifted toward primary psoas abscesses occurring
among immunocompromised patients, such as those undergo-
ing cancer therapy or patients with HIV infection, as well as
intravenous drug users (196, 236, 248). The number of psoas
abscesses appears to have recently risen, likely due to the use
of better imaging techniques (14, 187, 196).

All age groups may develop psoas abscesses, including neo-
nates (159). The average age in most series is 30 to 50 years of
age (91, 196, 248). Some studies have reported that primary
psoas abscesses occur more frequently in younger age groups,
presumably due to the higher rates of intravenous drug users
and HIV infection within this age group (86, 187, 196). Sec-
ondary psoas abscesses often occur in older age groups, likely
due to concurrent conditions predisposing to their develop-
ment. There is no consistent gender predisposition for psoas
abscesses (91).

Pathogenesis. The psoas muscle is supplied by venous blood
from the lumbar spine and has lymphatics overlying the muscle
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FIG. 1. CT scan showing multiloculated primary iliopsoas abscess
(arrow) due to group A streptococci in an HIV-infected patient.

from nearby intraabdominal organs. The muscle extends from
the 12th thoracic vertebrae to the 5th lumbar vertebrae down
to the lesser trochanter of the femur. The psoas is also in close
proximity to several intraabdominal structures, including the
colon, appendix, terminal ileum, jejunum, ureters, renal pelvis,
and pancreas, hence, it is quite susceptible to contiguous
infection.

Secondary psoas abscesses develop as a result of spread of
an infection from contiguous structures, such as concurrent
vertebral infections (155) in the setting of S. aureus osteomy-
elitis or Pott’s disease due to M. tuberculosis. Other routes may
be from an intraabdominal source, most commonly gastro-
intestinal, which includes Crohn’s disease, cancer, appendi-
citis, or diverticulitis. Less commonly, psoas abscesses may
develop in relationship to genitourinary infections, such as a
perinephric abscess, vaginal deliveries, cesarian surgery,
abortion, or an infected retroperitoneal hematoma (28, 171,
199, 201, 209, 219, 236). The latter may occur in relation
with a history of trauma.

Primary psoas abscesses arise from occult bacteremia and
are usually due to S. aureus. These cases are often found
among intravenous drug users as well as immunocompromised
persons (196). Other patient populations which appear at
higher risk for psoas abscesses include diabetics, the elderly,
immunocompromised, and alcoholics (5, 14, 248). Of note,
cases among patients with no risk factors have also been de-
scribed. Regarding S. aureus, seeding of both the vertebrae and
the psoas muscle may occur concurrently or may involve one
area with contiguous spread into the other (182).

Microbiology. Primary psoas abscesses due to hematogenous
seeding involve S. aureus in approximately 80 to 90% of cases
(91); recent cases have shown that community-acquired
MRSA is a new cause of primary psoas abscesses (219, 254).
Other pathogens have been described, including streptococci
such as S. pneumoniae, S. milleri, or group A streptococci (14,
124). Figure 1 shows a multiloculated psoas abscess which
developed insidiously in an HIV-positive patient who pre-
sented with fevers and back pain; the culture grew group A
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streptococci. Rarely, primary psoas abscesses are due to gram-
negative organisms such as Escherichia coli, Pseudomonas,
Haemophilus, Proteus, or Pasteurella species (66, 86, 91, 187,
222).

Secondary psoas abscesses originating from intraabdominal
structures are often polymicrobial and represent the normal
flora of these sites. These include enteric gram-negative bac-
teria such as E. coli, Enterobacter, Salmonella, and Klebsiella
species, as well as streptococci, Enterococcus spp., and anaer-
obes such as Clostridium spp. and Bacteroides spp. (185, 196).
Vertebral osteomyelitis may also lead to infection of the psoas
muscle and usually involves S. aureus (as mentioned above) or
M. tuberculosis (94). More uncommon pathogens which may
cause both osteomyelitis and psoas abscesses include Salmo-
nella, Brucella, Nocardia, Coxiella burnetii, or fungal pathogens,
such as Blastomyces dermatitidis or Coccidioides immitis (27, 92,
93, 185, 233, 261). Rare cases of Mycobacterium bovis have
been described in association with bladder carcinoma therapy
with Bacille Calmette-Guérin (122).

Clinical manifestations. A high index of suspicion is needed
to recognize a psoas abscess. The classic triad of fever, pain,
and limp are often absent (133); instead only one or two
findings are usually present, most commonly fever. Other
symptoms may include back pain (especially with concurrent
vertebral osteomyelitis), flank pain, limp, groin fullness or
mass, malaise, anorexia, and weight loss (187, 248). Immuno-
compromised patients may be afebrile and present with mini-
mal signs or symptoms. On examination, the following may be
detected: fever; mass in the iliac fossa; abdominal, spinal, or
iliac fossa tenderness; flexion and external rotation of the
ipsilateral hip; and/or limping gait.

Diagnosis. Laboratory testing may reveal leukocytosis, ele-
vated erythrocyte sedimentation rate, and anemia. Blood cul-
tures are positive in up to 70% of cases and are useful for
establishing the causative organism (196). In cases of second-
ary psoas abscesses, pyuria and positive urine cultures may be
found when the genitourinary tract is the originating site of
infection. Wound cultures of the psoas drainage should be
ordered for both aerobic and anaerobic bacteria. If M. tuber-
culosis is suspected, acid-fast bacilli stains and cultures should
be obtained.

The diagnosis is established by radiological imaging. A psoas
abscess may be detected on ultrasound evaluation, but this test
is not as sensitive as CT or MRI scans; it may be used as an
initial radiographic study, particularly in areas where more
advanced imaging is not readily available. A negative ultra-
sound, however, does not rule out a psoas abscess. The diag-
nosis of a psoas abscess is often established by a CT scan, which
is the most commonly used imaging technique in suspected
cases. Radionuclide testing usually does not add additional
information, unless there is concurrent bony involvement. If
blood or wound cultures identify an enteric organism, further
investigation to the source of the psoas abscess is warranted.
This may include further abdominal imaging and a barium
enema or colonoscopy.

Treatment. Surgical drainage and intravenous antibiotics are
recommended, similar to pyomyositis. Drainage may involve
either CT-guided percutaneous drainage or an open surgical
procedure; the choice often depends on the number and vol-
ume of the abscesses (15). For example, some experts suggest
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that cases of multiloculated psoas abscesses are best managed
with an open surgical procedure via an extraperitoneal ap-
proach (14, 15, 155). Open surgical drainage may be preferen-
tially utilized in cases of secondary psoas abscesses where there
is concurrent gastrointestinal or genitourinary disease requir-
ing surgical management. For instance, open drainage of the
psoas abscess as well as resection and diversion of the involved
bowel could be performed simultaneously. Debridement of
nearby infections and the drainage of the psoas abscess should
be complete to prevent recurrence. If a catheter is used to
drain the abscess, it should remain until the cavity is obliter-
ated. Cases of recurrence have been described, especially in
cases where residual collections remained after the initial
drainage procedure (86). In cases of recurrent psoas abscesses
after a CT-guided procedure(s), open surgical drainage should
be considered (248). Among patients with concurrent spinal
infection, spinal surgery should be immediately performed in
cases of neurologic deficits, spinal instability, or spinal cord
compression.

Antibiotic therapy for a primary psoas abscess is generally
with an antistaphylococcal antibiotic. Given descriptions of
both nosocomial and community-acquired MRSA psoas ab-
scesses (219, 254), vancomycin or one of the other effective
antibiotics listed above should be administered. A broad-spec-
trum antibiotic should be utilized in cases originating intraab-
dominally to also cover enteric gram-negative organisms and
anaerobes. This may include the addition of a carbapenem,
B-lactam/B-lactamase inhibitor (e.g., piperacillin-tazobac-
tam), or a combination of penicillin, gentamicin, and clin-
damycin. In cases where it is unclear if the psoas abscess is
primary or secondary, broad-spectrum antibiotics along with
vancomycin should be administered until further culture
data are available. Antibiotics should be subsequently tai-
lored to the culture and sensitivity results. The duration of
antibiotics depends on the clinical response and the involve-
ment of other tissues. Typically, antibiotics are continued
for at least 3 weeks after drainage and fever resolution
(236), but often they are given for 4 to 6 weeks. Follow-up
imaging to assure complete drainage of the abscess is rec-
ommended. Patients with psoas abscesses due to M. tuber-
culosis should be treated with four-drug antituberculosis
therapy until sensitivity data are available. The treatment
course is generally 6 months in duration but should be
extended if the clinical response is slow (26).

The prognosis for a localized psoas abscess is overall favor-
able especially if the diagnosis is established and treatment
initiated early in the disease process. Primary psoas abscesses
appear to have a better prognosis, with a mortality rate as low
as 2%; secondary psoas abscesses have a mortality of approx-
imately 20% (91). Factors predicting mortality in one study
included age, APACHE score, bilateral abscesses, and postop-
erative or bony cause (15).

Bacterial Myositis

Acute bacterial myositis, defined as a diffuse muscle infec-
tion without an intramuscular abscess, occurs less commonly
than pyomyositis and psoas abscess formation. Myositis com-
pared to pyomyositis is more typically seen in adults rather
than children. In addition, although staphylococcal myositis
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has been reported (4, 169), cases of myositis are usually due to
a streptococcal infection (3). As with pyomyositis, a broad
range of types of bacteria may lead to myositis, but gram-
positive organisms predominate.

S. aureus myositis. S. aureus may occasionally cause a diffuse
myositis with rhabdomyolysis. One such case in the literature
involved a 15-year-old boy who presented with all lower ex-
tremity muscle groups inflamed and tender. Unlike pyomyosi-
tis cases, the creatine kinase levels were markedly elevated and
a muscle biopsy revealed muscle fiber degeneration with nu-
merous gram-positive cocci at the muscle edges (4). Treatment
is with emergent and thorough surgical debridement as well as
antibiotic therapy directed against S. aureus. Myositis second-
ary to MRSA has also been described (169); therefore, empir-
ical therapy should include vancomycin or another agent which
covers MRSA until sensitivity data are available. Figure 2
depicts a case of community-acquired MRSA myositis of the
lower extremity in an HIV-positive patient presenting with
severe leg pain. MRI imaging demonstrated myositis of the
gastrocnemius muscle along with subcutaneous abscesses (Fig.
2a). Urgent surgical debridement was performed finding pu-
rulent collections as well as inflamed and necrotic musculature;
the wound culture grew MRSA. The patient required multiple
surgical debridements along with a wound vacuum-assisted
closure (VAC) to the 12- by 15-cm debrided area (Fig. 2b).
Daptomycin was administered due to a vancomycin allergy.

Group A streptococcal necrotizing myositis. Group A strep-
tococci (GAS) may cause a variety of muscle infections, in-
cluding pyomyositis, subacute myositis, acute myositis, and ma-
lignant myositis, in increasing order of severity (121). The most
severe form is known as GAS necrotizing myositis, also called
streptococcal myonecrosis or spontaneous streptococcal gan-
grenous myositis. Compared to pyomyositis or psoas abscesses,
GAS necrotizing myositis is a less common entity but a signif-
icantly more aggressive and fatal infection (3, 200, 227). Cases
are typically among men (2:1) and young adults; the disease
usually occurs spontaneously without a history of penetrating
trauma or an immunocompromising condition (3, 226, 227).
The portal of entry is often unknown; some cases begin with a
sore throat, suggesting that pharyngitis may have led to bacter-
emia and seeding of the musculature; however, most cases are
without an antecedent illness (108). Nonsteroidal antiinflam-
matory medications are felt to be a risk factor for these infec-
tions (98).

The clinical presentation includes an initial prodromal stage
with flu-like symptoms, which may include rash and myalgias.
This evolves to intense local muscle pain that is disproportion-
ate to clinical findings as well as local tense swelling and fevers.
Although pyomyositis usually involves only one muscle group,
GAS necrotizing myositis may have multiple sites of involve-
ment. In addition, compared to pyomyositis, which evolves
over several weeks, GAS necrotizing myositis is more rapidly
progressive over a course of 1 to 4 days. Progression to bacter-
emia, toxic shock syndrome, and multiorgan failure can occur
swiftly. Furthermore, due to the fulminant nature of this in-
fection, intramuscular pressures may increase, leading to a
compartment syndrome.

Laboratory findings show leukocytosis and elevated muscle
enzymes; the latter is typically not seen in bacterial pyomyosi-
tis. Pathological examination of the involved muscle typically
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FIG. 2. (a) MRI T2-weighted image showing myositis of the gastrocnemius (both medial and lateral heads) (solid arrows) and multiple
abscesses (dotted arrow) of the posterior compartment. Wound culture grew community-acquired methicillin-resistant Staphylococcus aureus. (b)

Lower extremity after surgical debridement of the necrotic muscle.

reveals muscle necrosis with gram-positive cocci in chains seen
between the muscle bundles. In one case series and review, all
patients had GAS cultured from the musculature (3). Bacter-
emia is common; one report demonstrated that 88% of cases
had positive blood cultures when obtained (3). The differential
diagnosis of these cases includes necrotizing fasciitis; differenti-
ating features may include the presence of overlying violaceous
skin appearance with the formation of bullae, which more com-
monly occurs with fasciitis rather than myositis. Of course, infre-
quently, these skin changes may be noted in myositis, and occa-
sionally patients present with both fasciitis and myositis (189).
MRI is useful for differentiating the necrotizing myositis and
fasciitis but should not delay surgical management.

Treatment requires immediate surgical exploration and de-

bridement. Due to elevated compartment pressures, fascioto-
mies are often necessary. Repeated surgical evaluations are
typically performed to ensure all infected or necrotic tissues
are excised; occasionally, amputation is required. Wound, and
often blood, cultures grow GAS. Other types of streptococci
(group G) have been described, albeit less commonly (244).
Antibiotic therapy includes high-dose intravenous penicillin
G (4 million units intravenously, every 4 h) in combination with
clindamycin (600 to 900 mg intravenously, every 8 h). Clinda-
mycin is included due to its greater efficacy in streptococcal
infections involving a large burden of organisms in the station-
ary phase of growth (the “Eagle effect”), its long postantibiotic
effect, and its inhibition of the production of toxin and other
virulence factors via blocking protein synthesis (65, 224). Pa-
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tients with concurrent streptococcal toxic shock syndrome may
benefit from intravenous immunoglobulin, which may neutral-
ize streptococcal exotoxins and has shown a possible benefit in
small studies (54). The overall mortality of GAS myositis re-
mains substantial at up to 85% (3, 108, 189).

Group B streptococcal myositis. S. agalactiae may cause
either pyomyositis or myositis, although cases in the literature
are sparse. Group B streptococcal musculature infections may
occur in association with underlying diabetes mellitus, periph-
eral vascular disease, malignancy, alcoholism, or other immu-
nocompromising conditions (12, 29, 246). One reported case
involved the presence of a foot ulcer and the subsequent de-
velopment of bacteremia which may have resulted in seeding
of the musculature (12). A rare case of myositis developing in
the setting of endocarditis due to S. agalactiae has also been
reported (168). Treatment is with penicillin and surgical de-
bridement of the infected musculature.

Clostridium species myositis: gas gangrene. Clostridial myo-
necrosis, better known as gas gangrene, is usually caused by C.
perfringens. This infection occurs in a variety of settings, in-
cluding traumatic wounds with soil contamination, surgery in-
volving the bowel or biliary system or associated with septic
abortions, vascular disease with arterial insufficiency often in-
volving the extremities, and unhygienic injection of medica-
tions (e.g., epinephrine) or illicit drugs (e.g., heroin) (16).
Common characteristics of inciting events include contamina-
tion of the site with Clostridium spp. (which exist in the soil and
as part of the gastrointestinal flora of humans) and the pres-
ence of devitalized tissue; in addition, the presence of a foreign
body has been implicated as a risk factor. Areas of low oxygen
concentrations are ideal for these infections; anaerobic condi-
tions impel Clostridium spp. to convert from the spore to the
vegetative form, which produces toxins responsible for tissue
damage and systemic manifestations.

Less commonly, clostridial myonecrosis may occur sponta-
neously without a prior wound. These cases are often due to C.
septicum bacteremia and usually involve an underlying gastro-
intestinal process, such as occult colon cancer, bowel infarc-
tion, or neutropenic enterocolitis (68). Other Clostridium spe-
cies (e.g., C. nowyi, C. histolyticum, and C. sordellii) have been
reported to cause gas gangrene, but less commonly.

Presenting symptoms include intense pain, edema, and a
sweet-odorous discharge which occur several hours to a few
days (6 h to 3 days) after injury. The wound is initially pale but
may evolve to a bronze color with hemorrhagic bullae forma-
tion. Classic findings include the presence of gas in the tissues
detected by either gas bubbles emitted from the wound or
noted on radiographic films. Although gas is often thought to
be a sine qua non for gas gangrene, the absence of crepitus or
gas on examination should not deter consideration for this
diagnosis. The failure of the muscle to contract on stimulation
and the lack of bleeding of the wound in the operating room
are also characteristic findings.

Laboratory data show leukocytosis and a hemolytic anemia
due to the clostridial alpha-toxin. Bacteremia is noted in 15%
of cases. Differential diagnosis includes other forms of fulmi-
nant myositis, including GAS necrotizing myositis and “non-
clostridial myositis,” which is discussed below. Crepitant cellu-
litis, which is typically more superficial, may be considered in
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the differential diagnosis. Gram stain evaluation of the wound
exudate usually shows a lack of neutrophils and an abundance
of gram-positive bacilli with blunt ends.

Treatment requires emergent surgical exploration, debride-
ment, and often excision of infected muscles and fasciotomies.
Repeat surgical evaluations are often necessary to ensure that
all infected and necrotic tissues have been adequately de-
brided. Antibiotic coverage is the same as for GAS necrotizing
myositis, with both high-dose penicillin G and clindamycin
(225). Since gas gangrene oftentimes arises from dirty wounds
and involves other organisms in addition to Clostridium spp. in
up to 50% of cases (95), broad coverage including antibiotics
against gram-negative organisms (e.g., with the addition of a
fluoroquinolone) is often initially employed. Coverage should
be based on Gram stain and culture results.

The potential benefit of hyperbaric oxygen remains unclear.
Theoretically it may be beneficial, since high concentrations of
oxygen inhibit clostridial growth and halt alpha-toxin synthesis
(36); however, studies are difficult to perform due to the spo-
radic nature of cases, hence, results to date have been incon-
clusive (59, 223, 249). The use of this therapy should not delay
and/or be used in place of emergent surgical debridement
along with antimicrobial therapy. Some have suggested the use
of hyperbaric oxygen in cases in which surgical excision was
incomplete due to location (e.g., paraspinal or abdominal ar-
eas). One issue that often limits the use of hyperbaric oxygen
is the transfer of critically ill patients to centers with this ther-
apy. The mortality rate remains 20 to 25%, and those who
survive may have disfiguring wounds (95).

Nonclostridial myositis. Four clinical entities are included in
the category of nonclostridial myositis. These include anaero-
bic streptococcal myositis, synergistic nonclostridial myonecro-
sis, Aeromonas myonecrosis, and vascular gangrene (28, 171).

Anaerobic streptococcal myositis. Anaerobic streptococcal
myositis resembles clostridial myonecrosis with similar charac-
teristics, including a foul copious exudate, gas in infected tis-
sues, and extensive necrosis of the involved musculature. Dif-
ferentiating characteristics may include a slower evolution of
infection (subacute presentation evolving over 3 to 4 days
versus acute presentation over 1 to 2 days), early overlying
erythema (versus pallor), muscle contraction on stimulation,
and numerous neutrophils in the exudate in cases of anaerobic
streptococcal myositis. Causative organisms in this infection
include anaerobic streptococci (e.g., Peptostreptococcus) but
also may include GAS and S. aureus. Treatment is with early
surgical exploration and debridement, along with gram-posi-
tive antibiotic coverage. If streptococci alone are the infecting
organism(s), penicillin is the drug of choice.

Synergistic nonclostridial myonecrosis. Synergistic nonclos-
tridial myonecrosis is an infection largely of the subcutaneous
tissues and fascia that may also extend into the muscle and
overlying skin. The infection is often polymicrobial, consisting
of aerobic and anaerobic organisms, such as streptococci (in-
cluding Peptostreptococcus), Bacteroides, E. coli, Enterobacter,
and Klebsiella. A rare case involving group B streptococci with
peptostreptococci has been reported (167). Infections most
commonly occur in immunosuppressed patients, such as those
with neutropenia secondary to cancer therapy, or among dia-
betics. Management includes emergent and complete debride-



482 CRUM-CIANFLONE

ment of all infected tissues and broad-spectrum antibiotic
therapy. A high mortality rate exists for this condition.

Aeromonas myonecrosis. The third clinical condition is Aero-
monas hydrophila myonecrosis, which usually occurs after pen-
etrating trauma in a freshwater environment or tissue injury in
association with contact with aquatic animals (96). Progression
may be rapid and gas may form within the tissues, similar to gas
gangrene. Diagnosis is established by collecting a wound spec-
imen; Gram stain shows gram-negative straight rods with
rounded ends, and the culture reveals Aeromonas. Therapy is
with immediate surgical debridement and antibiotic therapy
against Aeromonas, such as fluoroquinolones, a broad-spec-
trum or extended-spectrum cephalosporin (e.g., cefepime
or ceftazidime), or trimethoprim-sulfamethoxazole. Myositis
from Vibrio vulnificus has also been described and is often
linked to salt water exposure (123); infections with Vibrio spp.
have a predilection to occur among patients with liver disease,
but infection may occur in immunocompetent hosts. Doxycy-
cline, ceftazidime, and fluoroquinolones are the antibiotics of
choice in these infections.

Vascular gangrene. Vascular gangrene occurs in the setting
of arterial insufficiency, which may arise after trauma or among
diabetic patients. A variety of organisms can be implicated,
including those listed for synergistic nonclostridial myonecrosis
as well as Bacillus spp. and Proteus spp. (117). Therapy is also
similar, with antibiotics modified based on intraoperative cul-
ture results.

Other Forms of Bacterial Myositis

As noted in the Introduction, a wide variety of bacterial
agents may cause myositis (Table 2). Some agents are linked to
a classified clinical entity as discussed above. Other bacteria
may sporadically cause myalgias, myositis, myopathy, or acute
rhabdomyolysis. For instance, endocarditis may cause diffuse
myalgias; diagnosis is typically established by positive blood
cultures and echocardiography. Syphilis may also be associated
with myalgias, and clinical muscle disease has been reported in
a few cases, with positive treponemal tests such as the micro-
hemagglutination-Treponema pallidum test (64). Other causes
of myalgias and/or myositis include Rocky Mountain spotted
fever due to Rickettsia rickettsii, as well as other rickettsial (R.
conorii) infections (21, 195); a positive serology is typically
used to establish the diagnosis. A case of tularemia myositis
has been reported with the diagnosis established by culture
showing Francisella tularensis (67). Lyme disease, caused by
Borrelia burgdorferi, can cause localized myositis of the orbits
and other sites, often near areas of skin or joint involvement
(99, 186). A case of rhabdomyolysis associated with Lyme
disease has been reported (113). Diagnosis is with a positive
Lyme serology confirmed by Western blot analysis.

Mycobacterium spp. may cause myositis by either direct ex-
tension from a contiguous source (e.g., an infected joint, bone,
or abscess) or less commonly via bacteremia (250, 251). The
most common site is a tuberculous psoas abscess which forms
by extension from vertebral osteomyelitis (i.e., Pott’s disease).
Other examples include involvement of the intercostal muscles
from extension from the pulmonary tract as well as leg striated
muscles due to extension from the knee (251). Overall, muscle
involvement in tuberculosis is uncommon, occurring in 1% or
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less of cases (251). Progression is typically slow and insidious in
nature. Examination usually reveals swelling or mass in the
affected muscle; local adenopathy is usually absent (250, 251).
The lesion can progress with the formation of a sinus tract or
simply calcify. Diagnosis is by direct sampling for histopatho-
logical examination and culture. Histopathology shows granu-
lomatous inflammation, caseous necrosis, and giant cells;
Ziehl-Neelsen staining reveals acid-fast bacilli (250, 251). Cul-
tures become positive in weeks to months. Therapy requires
standard antituberculosis medications based on susceptibility
results and surgical excision. In addition to M. tuberculosis,
infections with Mycobacterium avium complex, M. haemophi-
lum, M. bovis, and M. leprae may involve the musculature (122,
131, 173, 211).

Acute rhabdomyolysis during bacterial infections can occur,
but this clinical entity is more often associated with viral patho-
gens. The bacterium most commonly implicated in the devel-
opment of rhabdomyolysis is Legionella sp.; other bacteria in-
clude streptococci, staphylococci, and gram-negative bacteria,
such as Salmonella, Mycoplasma pneumoniae, Neisseria menin-
gitidis, and Leptospira spp. (22, 158, 171, 214, 220, 238).

FUNGAL MYOSITIS

Fungal involvement of the musculature is uncommon but
has been described in case reports. Most cases have involved
immunocompromised patients; occasionally fungal myositis
has been reported in immunocompetent persons. Given the
rising prevalence rates of immunocompromised hosts due to
advanced therapies for cancer and rheumatologic conditions,
as well as the aging of the population, the number of fungal
myositis cases may increase.

The symptoms of fungal myositis often overlap with that of
bacterial myositis. History of severe immunosuppression and
evidence of other sites of fungal infection may point to a fungal
etiology. Fungal myositis may be due to Candida spp. (60, 80,
111, 206, 231), Cryptococcus neoformans (17, 78, 87, 102, 116,
165, 210), Histoplasma capsulatum (89, 241, 243), Coccidioides
spp. (51, 239), Aspergillus spp. (112, 184), Pneumocystis jiroveci
(172), and Fusarium spp. (204) (Table 2). Biopsy with culture
is usually required to confirm the diagnosis of the fungal eti-
ology; often the diagnosis of a fungal pathogen is not initially
considered and is discovered by histopathologic examination
or culture of the muscle tissue. Treatment is with surgical
debridement and systemic antifungal agents.

Candida spp.

The most commonly reported cause of fungal myositis is
Candida spp. Myositis may develop in the setting of systemic
candidiasis. The first case was described in the 1970s in a
patient with acute lymphoblastic leukemia which involved dif-
fuse myositis (60). Factors which increase the risk of Candida
spp. infections include severe granulocytopenia and broad-
spectrum antibiotics; in addition, some have suggested that
chemotherapeutic agents (e.g., vinca alkaloids) and steroid
therapy may induce a subclinical myopathy which may predis-
pose patients to a subsequent infectious myositis (231).

The triad of fever, rash, and muscle tenderness among can-
didemic patients suggests myositis (111). Most often the mus-
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cle involvement consists of diffuse, multiple microabscesses;
however, larger, more discrete fungal abscesses can occur (80,
231). The most common causative organism is C. tropicalis, but
a variety of Candida spp., including C. krusei and C. albicans,
have been described (60, 80, 111, 231). Imaging with MRI, CT,
or ultrasound is useful for localization and for biopsy (206).
Muscle biopsy confirms the diagnosis by revealing budding
yeast and pseudohyphae; blood cultures may be positive, es-
pecially in the setting of systemic infection. Since patients are
often quite ill at the time of the development of myositis,
muscle involvement is frequently diagnosed postmortem.

Therapy is with antifungal agents such as amphotericin B, an
azole, or an echinocandin. Focal infectious collections should
be surgically drained. Mortality rates are high. Early diagnosis
and treatment is recommended to improve the survival rates;
immunosuppressed patients with severe muscle pain should
undergo prompt imaging and biopsy to evaluate for possible
fungal myositis.

In addition to myositis due to Candida infections, a triad of
chronic mucocutaneous candidiasis, myositis, and thymoma
has been described (152). Myopathy appears to be autoim-
mune in nature in these cases, rather than being due to the
fungal pathogen itself.

Cryptococcus neoformans

Cryptococcus neoformans infection may rarely present with
infectious myositis (78, 87, 210). Most infections with this or-
ganism are asymptomatic; however, after the inhalation of the
fungus, pulmonary, skin, or central nervous system (CNS) dis-
ease may occur. Cases of myositis usually occur in the setting
of disseminated cryptococcal disease, but focal infections
within the muscle have been reported (210).

Most cases occur among immunosuppressed persons; a re-
view of the literature showed that cases have occurred in trans-
plant recipients and patients with leukemia/lymphoma, AIDS,
and hepatitis C viral infection (17, 78, 87, 102, 116, 165, 210).
Patients often present with lower extremity pain and swelling.
Other sites of myositis have included the paraspinal muscles
(210). Some cases have involved cellulitis and necrotizing fas-
ciitis in addition to myositis (87). Muscle biopsy demonstrates
the presence of the fungus; histopathology may reveal the
absence of inflammation but the presence of intracytoplasmic
cryptococcal organisms. The polysaccharide capsule can be
identified with mucicarmine or alcian blue stains (78). Diag-
nosis may be supported by a positive cryptococcal serum anti-
gen. In a review of the literature, all cryptococcal myositis
patients had a positive serum antigen test; however, the titers
were low (1:16 to 1:32) among cases only involving the muscles
(210). An estimated 60% have positive blood cultures (210).
Treatment is with amphotericin B, flucytosine, and/or flucon-
azole as well as surgical debridement of focal purulent collec-
tions.

Histoplasma capsulatum

Histoplasmosis is endemic to the Ohio and Mississippi River
valleys as well as to South/Central America, Africa, Australia,
and Asia. Infection is via inhalation of the dimorphic fungal
microconidia into the lungs. Infection is most commonly
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asymptomatic, but pneumonitis or dissemination may occur.
Case reports of myositis exist in the literature, including a case
of nodular myositis in an AIDS patient (89). Other cases pre-
sented as fulminant necrotizing myofascial infections, which
occurred in a transplant recipient and a patient with a rheu-
matologic condition on immunosuppressive agents (241, 243).
Diagnosis has been made by biopsy, with histopathology show-
ing ovoid yeast cells using the Gomori-methenamine or Grocot
silver stain and growth of the fungus on culture. The utility of
serology or urine histoplasmosis antigen testing in cases of
myositis is unclear; in one case, Histoplasma antigen was pos-
itive in the serum but negative in the urine (241). The use of
these tests in disseminated disease may be useful; however,
they can be falsely negative, especially in the setting of under-
lying immunosuppression. Surgical debridement and ampho-
tericin B are the recommended therapies.

Coccidioides spp.

Coccidioidomycosis is a dimorphic fungal infection endemic
to the southwestern United States, as well as areas in Mexico
and Central/South America. After inhalation of C. immitis or
C. posadasii, most infections are asymptomatic. One-third of
cases manifest as pneumonia; 1 to 2% develop disseminated
disease to the bones, skin, or CNS. Muscle involvement is rare
(239); a case involving a cardiac transplant recipient mani-
fested as a rash, severe myositis, and arthropathy (239). Coc-
cidioides spp. muscular infections may involve the muscle body
or occur as abscesses between muscle groups (51). Diagnosis is
by biopsy of the involved muscles, which shows pathognomonic
spherules filled with endospores and grows Coccidioides spp.
on culture. Serology and complement fixation testing are avail-
able and are usually positive in disseminated disease. Although
the usefulness of these tests for detecting coccidioidal myositis
is limited by the small number of reported cases, test results
have been positive in cases of muscular involvement (51). Ini-
tial treatment is typically with surgical debridement and am-
photericin B.

Aspergillus spp.

Aspergillus is a fungal infection that occurs most commonly
among immunocompromised persons. Myositis has been de-
scribed as part of disseminated disease or as a focal infection
(112). One case involved an elderly man receiving systemic
corticosteroids for myelodysplastic syndrome who developed
Aspergillus fumigatus myositis of the calf (184). Aspergillus
paraspinal myositis developed after local steroid injections in
another patient (112); a similar case involving Mucor spp. has
also been reported in conjunction with receipt of a steroid
injection (109). Most cases have involved immunosuppressed
patients receiving steroids and/or cytotoxic therapy, or AIDS
patients with low CD4 cell counts (106, 112). Interestingly,
most patients who developed Aspergillus myositis had a history
of other opportunistic infections (112).

The route of infection is usually hematogenous spread, al-
though direct inoculation during steroid injection due to lack
of disinfection before the procedure was hypothesized in one
case (112). Diagnosis is by biopsy with fungal culture. The
utility of the galactomann antigenemia test has not been stud-
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ied in this setting to date (112). Treatment of Aspergillus is with
voriconazole (106, 112) or amphotericin B. Most cases have
resulted in death, likely due to the immunocompromised host
state and the presence of disseminated disease in some of the
cases.

Aspergillus has also been implicated in autoimmune myositis;
one case report described a patient who developed myositis
and pneumonitis after exposure to A. niger that was managed
with corticosteroids (137). Unlike the cases of fungal myositis
due to a direct infection noted above, this case was due to an
immune-mediated myositis.

Pneumocystis jiroveci

Pneumocystis carinii, now known as P. jiroveci, is most nota-
ble for causing pneumonia among HIV-infected and other
immunosuppressed patients. A single case of myositis present-
ing as an intramuscular mass in an AIDS patient has been
described (172). Diagnosis is by biopsy showing granulomatous
inflammation and organisms on Gomori-methenamine silver
stain. Treatment is with trimethoprim-sulfamethaxazole.

Fusarium spp.

Fusarium spp. are ubiquitous in the soil and may cause
disseminated infections in cancer patients and transplant re-
cipients after entry through the gastrointestinal tract or skin,
especially in the presence of an intravenous catheter. Infection
may involve the sinus, eye, skin, or other sites. Three reports
suggest that patients may develop myositis with symptoms of
muscle pain and weakness as part of fusariosis (97, 150, 204).
Fungemia as well as culture-positive skin lesions are often
present in these cases (97, 204). Diagnosis is by biopsy and
culture. Therapy is with voriconazole, posaconazole, or am-
photericin B.

In addition to direct muscle involvement by the fungus, cases
of myopathy due to mycotoxins after the ingestion of mold-
damaged grain have been noted. These cases often also de-
velop bone marrow suppression and have been referred to as
“alimentary toxic aleukia” (145).

PARASITIC MYOSITIS

A variety of parasitic infections may encyst in the muscula-
ture. The most commonly reported parasitic causes of myositis
are Trichinella spp. (trichinosis) (7, 35), Taenia solium (cystic-
ercosis) (1, 69, 146, 198), and Toxoplasma gondii (toxoplasmo-
sis) (176, 179, 191). However, a wide range of other parasites
may cause myalgias or myositis. These include Trypanosoma
cruzi (Chagas’ disease) (62), Sarcocystis spp. (10, 237), Micros-
poridia spp. (30, 31, 44, 48, 52, 76, 132), Toxocara canis (247),
Schistosoma spp. (190), Echinococcus spp. (202), Entamoeba
histolytica (164), Spirometra mansonoides (sparganosis) (128),
Plasmodium  falciparum (malaria) (56, 149, 215), and On-
chocerca volvulus (161) (Table 2). In addition, myositis caused
by a new muspiceoid nematode was recently reported from
Australia (18, 58).

Most parasitic infections which cause myositis are uncom-
mon in the United States and are typically acquired abroad.
The presence of eosinophilia and a travel history to a location
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of endemicity may suggest a possible parasitic etiology of my-
ositis. Also of note, in the tropics, parasitic conditions such as
the migration of Dracunculus medinensis (guinea worm) and
Toxocara canis (visceral larva migrans) have been proposed as
risk factors for cases of bacterial pyomyositis (130, 171, 183); it
has been suggested that both the structural and immunologic
changes due to migrating larvae may increase the risk of in-
tramuscular pyogenic infections (130).

Trichinella spp.

Trichinosis is a disease that occurs after the ingestion of
undercooked muscles of domestic or wild animals containing
Trichinella spp.-encysted larvae; humans are incidental hosts.
There are at least five species of Trichinella that can cause
clinical infections in humans; the most common is 7. spiralis.
Other species include 7. nativa (associated with eating bear
meat), T. britovi, T. pseudospiralis, and T. nelsoni. In the United
States, there has been a decline in the number of cases of
trichinosis and a changing of its epidemiology. During the
years 1997 to 2001, only 72 cases were reported in the United
States (192). Traditionally, trichinosis has been associated with
eating undercooked pork; however, in the United States, there
has been a decline in cases involving commercial pork and an
increasing number of cases associated with eating under-
cooked wild animals (e.g., polar bear, wild boar, walrus, cou-
gar, and fox) and noncommercial, home-raised pork (192).

After ingestion of raw or undercooked meats, the gastric
enzymes digest the muscle and release the larvae, which are
resistant to acid and pass into the small intestine. There they
burrow underneath the epithelium and develop into adult
worms which may mate and release newborn larvae. Dissemi-
nation occurs via the lymphatic system and bloodstream to
striated muscles, where the larvae encyst.

Most cases are subclinical. The presence and severity of
clinical symptoms are related to the number of larvae ingested
as well as host characteristics, such as age, size, and underlying
conditions. The incubation period is shorter with larger inges-
tions. Gastrointestinal symptoms may occur during the first
week (days 2 to 7) after ingestion and include nausea, abdom-
inal pains, anorexia, vomiting, and either diarrhea or constipa-
tion. Systemic manifestations occur the following week (days 9
to 28) as the larvae penetrate the abdominal wall and dissem-
inate throughout the body, causing symptoms of fevers, myal-
gias, conjunctival and splinter hemorrhages, and periorbital
edema.

Muscle invasion may cause myalgias, swelling, and weak-
ness; the presence and severity of these symptoms are related
with the number of larvae per gram of muscle; <10 larvae/
gram of muscle are often asymptomatic, while levels of >50
larvae/gram are usually associated with muscular symptoms.
For instance, muscle symptoms occurred in 88% of patients
during one outbreak, suggesting a high inoculum and burden
of disease (7). Myositis initially occurs in the extraocular mus-
cles, followed by the masseters and muscles of the diaphragm,
neck, and larynx as well as the limbs; any striated muscle can be
involved (35). Rarely, cases have included severe proximal
muscle weakness simulating polymyositis (197). Symptoms and
signs of myositis peak at 5 to 6 weeks after infection and then
begin to wane after the larvae become encapsulated and cal-
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cified within the muscles. The degree of myositis may correlate
with the level of eosinophilia (74). Some patients experience
muscle aches, headaches, and mental apathy for weeks to
months after infection. In one outbreak investigation, most
patients had resolution of symptoms by 6 months; however,
some continued to complain of muscle aches beyond this time
(74).

The long-term course and prognosis of most cases are fa-
vorable. However, life-threatening manifestations may occur in
approximately 2% of cases and are due to larvae passing
through organs such as the heart, which may lead to myocar-
ditis, congestive heart failure, and dysrhythmias; the lung, causing
pneumonitis; and the brain, leading to meningoencephalitis, sei-
zures, and focal neurologic deficits.

Diagnosis is suggested by the clinical history and the pres-
ence of eosinophilia; peripheral eosinophil counts are elevated
starting in the second week of illness and may reach very high
levels, with some cases with 50% eosinophils (181). Laboratory
tests may also reveal leukocytosis, elevated immunoglobulin E,
and increased muscle enzymes. The most common method of
making the diagnosis is using serologic testing such as an enzyme-
linked immunofluorescence assay, fluorescent antibody test, or
the bentonite flocculation assay. Antibodies are usually detectable
by 2 to 4 weeks after infection; a rising titer is highly suggested of
the disease. Diagnosis can also be confirmed by biopsy of a swol-
len, tender superficial skeletal muscle, often the deltoid or gas-
trocnemius, near its insertion site. The specimen is compressed
between glass slides or digested and then examined for larvae;
a PCR test has been described (235).

Therapy in early infection is preferable to reduce the num-
ber of larvae in the gastrointestinal tract that may invade the
muscles. One study showed that antihelminthic medications
have little effect on the larvae within muscles (181). However,
some studies have shown that muscle symptoms, enzyme levels,
and residual larval infestation resolve more rapidly when treat-
ment is administered (81, 253). Of note, viable larvae may
persist despite therapy. The drug of choice is albendazole or
alternatively mebendazole; thiabendazole is also active but is
less tolerable. Patients should be advised to rest, and myalgias
may be treated with analgesics. Severe forms of trichinosis,
such as severe myositis, myocarditis, and neurologic complica-
tions, are often treated with albendazole in combination with
corticosteroids (e.g., prednisone) (180). One study showed a
benefit from the use of steroids in terms of hastening symptom
resolution, but this study was not a randomized trial (212).

Prevention is by cooking meat to at least 60°C for 4 or more
minutes or freezing to —15°C for 20 days. Since T. nativa larvae
are resistant to freezing, bear meat must be adequately cooked.
Public education regarding the consumption of wild game
meat and noncommercial pork is advocated for further reduc-
tion in the number of cases in the United States (192).

Taenia solium

The pork tapeworm, Taenia solium, can cause gastroenteritis
after a person ingests undercooked pork. Cysticercosis, on the
other hand, in which infection becomes systemic, is acquired
through the ingestion of T. solium eggs excreted in the feces of
humans who are carrying the tapeworm; hence, even vegetar-
ians may acquire this disease. Patients with a Taenia gastroin-
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testinal infection may occasionally develop cysticercosis by fe-
cal-oral autoinfection.

The true number of cases of cysticercosis is unknown, as
most infections remain asymptomatic. A review of the litera-
ture reported over 1,000 diagnosed cases over the past 25 years
in the United States and showed that most cases were acquired
outside the United States (245); it also suggested that the
prevalence of this infection may be rising, but this may have
been impacted by the increased use of CNS imaging. Many
U.S. cases occur in states bordering Mexico (especially Cali-
fornia). A recent study reported that there were 221 deaths
due to cysticercosis in the United States from 1990 to 2002,
with Latinos and men being the most affected (221).

After ingestion, the eggs are activated by gastric juices and
develop into invasive larvae that penetrate the intestinal wall.
From the gastrointestinal tract, organisms disseminate via the
bloodstream throughout the body; the larvae have a tropism
for specific tissues, especially the CNS, eye, subcutaneous tis-
sues, and muscles. Minimal immune response and inflamma-
tion are noted around the larvae, contributing to the lack of
initial symptoms. The disease is often silent and usually is not
recognized unless the cysticerci begin to degenerate within the
CNS, evoking inflammation which leads to seizures or other
neurologic signs; cysticercosis is the most common cause of
adult-onset seizures worldwide. Other manifestations include
retinitis and subcutaneous nodules under the skin.

Involvement of the musculature is usually asymptomatic and
may be incidentally detected on radiographs showing calcified
cysts referred to as having a “puffed rice” or “spindle-shaped”
appearance. Of note, the process of death and calcification
appears to occur earlier after infection within striated muscles
than in the brain. Occasionally cases of myopathy as well as
solitary intramuscular lesions initially mistaken as tumors have
been reported (1, 69, 146). A case of disseminated muscular
cysticercosis with myositis manifesting as diffuse myalgias and
lower extremity weakness due to the inflammatory reaction
around dying cysts has been reported (229).

A rare form of muscle involvement that entails large num-
bers of cysts within the muscle has been described in some
developing countries and termed “pseudohypertrophic myop-
athy” (198, 242). In this condition, there is often symmetric
enlargement and weakness of skeletal muscles, especially in-
volving the calf muscles. The etiology of the disorder is unclear
but likely results from host responses to the dying larvae (121).

Imaging of the soft tissue or muscles may have classic radio-
graphic appearances of calcified lesions as noted above. In
addition, MRI, CT, and ultrasound evaluations may show a
clear cyst with a scolex (110). MRI is superior at visualizing the
cysts, but calcifications are best seen on CT imaging. Stool
specimens may show tapeworm eggs in cases of autoinfection.
Confirmation is made by serologic testing such as with enzyme-
linked immunosorbent assays using blood or cerebrospinal
fluid specimens. Biopsies can also be useful; for example, sub-
cutaneous nodules can be excised and histologically examined.

Treatment of the gastrointestinal form of the infection is
with praziquantel or niclosamide. CNS disease is often man-
aged with albendazole and steroids, especially with the pres-
ence of viable or degenerating cysts on imaging (57); subarach-
noid or intraventricular cysts often require shunt placement
and neuroendoscopic surgery, respectively. Muscle involve-
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ment with viable cysts is usually treated with albendazole or
praziquantel; cases of myositis without evidence of viable cysts
and which are asymptomatic may not require therapy (70).
Large intramuscular lesions have been excised surgically and
treated with albendazole in case reports (69). Patients with
myositis should undergo imaging of the CNS to exclude brain
involvement. Prevention strategies include improving sanitary
conditions.

Toxoplasma gondii

Toxoplasma gondii is an intracellular parasite acquired via
ingestion of undercooked meat (usually pork or lamb) contain-
ing T. gondii cysts, ingestion of food items contaminated with
sporocysts from cat feces, or congenitally. The prevalence of
infection varies geographically and increases steadily with age.
In the United States, prevalence rates are generally 5 to 20%.

Acute infection among immunocompetent persons is usually
asymptomatic. Some patients develop a clinical syndrome 1 to
3 weeks after infection consisting of a “mononucleosis-like”
illness of fever, cervical adenopathy, myalgias, and malaise.
Typically the illness self-resolves over several weeks. Immuno-
compromised patients, especially those with AIDS, may de-
velop acute or reactivated disease also involving the CNS, eyes,
lungs, or muscles (88).

Rare cases of polymyositis have been reported, mainly
among immunocompromised hosts (88, 176, 179, 191). One
case was reported in a patient with idiopathic CD4 lymphocy-
topenia (176), while other cases have been described among
HIV-infected patients (88); such cases suggest that immuno-
logical disturbances may contribute to the development of
inflammatory myositis due to 7. gondii. Additional cases of
myositis have been noted, including a child with who devel-
oped tetraplegia (33). Symptoms include weakness, wasting,
and myalgias; many immunocompromised patients also have
systemic signs, including fever, encephalitis, and multiorgan
dysfunction (88).

Serological testing with a positive IgM confirms the acute
diagnosis; reactivated disease is suggested by high IgG titers
(88). Isolation of Toxoplasma in tissue culture or identification
histologically can be performed. For instance, isolation of T.
gondii from the muscle tissue in cases of myositis has been
described (32). Treatment is generally not warranted, as infec-
tion is usually self-limited. In severe cases, including progres-
sive myositis, sulfadiazine and pyrimethamine are indicated.
Prevention is by avoiding undercooked meats and maintaining
good personal hygiene.

Trypanosoma cruzi

Chagas’ disease is found in the Americas with the highest
rates in Bolivia and Brazil. Acquisition most commonly occurs
via the bite of the reduviid bug; blood transfusions or congen-
ital transmission may also occur. Most cases in the United
States are among immigrants; the risk of disease acquisition
during short-term travel is rare, as are infections acquired in
the southwestern United States.

Most cases are asymptomatic; however, after an incubation
period of 1 to 2 weeks, 10 to 20% of infected persons may
develop a febrile illness. The hallmarks of the acute infection
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include a “chagoma” at the inoculation site, unilateral orbital
edema (Romana’s sign), adenopathy, and hepatomegaly.
Chronic disease is characterized by the onset of cardiomyop-
athy or megasyndromes of gastrointestinal tract.

Myositis of skeletal muscles may occur during the acute or
chronic stages of Chagas’ disease, but few data exist among
human cases (47); most data are based on animal models
showing the occurrence of myositis after experimental 7. cruzi
infection (140). This may be due to the fact that human infec-
tions are often subclinical or that muscular complaints may be
overshadowed by other symptoms (47). Myositis of the lower
and upper extremities has been described; in addition, cases of
ocular myositis and polymyositis have been reported (47, 62).
Reactivation of Chagas’ disease occurs at a higher rate among
AIDS patients, and these cases may also present with myositis
(62, 75).

Diagnosis of acute infection is by blood smears showing
motile trypomastigotes; during the indeterminate and chronic
phases, parasitemia is less readily detectable. During these
later stages, serology is typically utilized; xenodiagnosis may
be available in areas of endemicity. Cases of myositis may be
detected by muscle biopsy showing amastigotes in the muscle
cells. Treatment of the acute, and perhaps indeterminate
phases is with nifurtimox or benzidazole. Antiparasitic therapy
in chronic disease is not recommended; rather, disease is man-
aged using medications and procedures to improve symptoms.
For example, heart disease is managed by cardiovascular med-
ications and consideration for heart transplantation. Gastroin-
testinal megasyndromes may require surgical techniques. Pre-
vention of Chagas’ disease is by elimination of the insect
vectors and screening of the blood supply.

Sarcocystis spp.

Sarcocystosis is a worldwide tissue protozoan infection most
commonly seen in southeastern Asia; cases from India, Africa,
South America, and Europe have also been reported. An out-
break among U.S. servicemen training in Malaysia was recently
reported (10). Humans are incidentally infected through inges-
tion of Sarcocystis organisms and may develop one of two
clinical syndromes. Humans may be the definitive host for
some Sarcocystis species (e.g., S. hominis and S. suihominis)
after ingestion of undercooked meat (beef or pork) giving rise
to enteritis. Humans may also be an intermediate host after
ingestion of food items contaminated with sporocysts from the
feces of a carnivore, which leads to disseminated disease in-
cluding the formation of muscle cysts; myositis develops in
these cases as the cysts disintegrate and is referred to as sar-
cosporidiosis.

Only a few clinical cases have been described, including 41
cases reported involving the skeletal muscles and 11 involving
the myocardium (10, 19). However, subclinical infections are
common, especially among residents in areas of endemicity
(i.e., southeastern Asia); an autopsy study showed a prevalence
of 20% of skeletal muscle sarcocystosis (258).

Symptoms of skeletal myositis include painful muscle swell-
ings, which occur episodically, lasting from days to weeks.
Symptoms may be due to both direct parasitic activity and from
immune-mediated responses (10). Myalgias, weakness, tender-
ness, and fasiculations are commonly described. Other symp-
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toms may include fevers, rash, bronchospasm, and subcutane-
ous nodules. Symptoms of myositis may be chronic and
relapsing in nature (237).

Diagnosis is suggested by peripheral eosinophilia and travel
in an endemic area. Elevated creatine kinase, aldolase, and
liver function tests can be seen (10). A serologic test using
Western blot analysis has been described (10, 90), but the
diagnosis is usually confirmed by muscle biopsy showing sar-
cocysts. Treatment is largely symptomatic; corticosteroids are
used to reduce symptoms. Some reports have suggested symp-
tomatic benefit from albendazole or cotrimoxazole therapy
(10, 237), but controlled trials are lacking. Recurrent or per-
sistent symptoms of myositis may occur, suggesting a chronic
Sarcocystis infection (114). Prevention is by avoidance of food
items that may be contaminated by feces of wild animals.

Microsporidia spp.

Microsporidia are protozoan parasites found widespread in
nature, especially in fish and insects. The route of human
infection is unclear but may involve eating undercooked meats
or via insect bites. Microsporidiosis has become more recog-
nized as a human pathogen since the HIV epidemic, as most
infections occur among immunosuppressed persons (44, 132).
AIDS patients with CD4 cell counts of <100 cells/mm? are at
highest risk. The use of tumor necrosis factor alpha antagonists
among patients with rheumatologic conditions has also been
cited as a risk factor (48). There are reports of disseminated
disease in immunocompetent persons, but these are uncom-
mon, and infections in this group are typically asymptomatic.
The disease spectrum of microsporidiosis includes diarrhea,
keratoconjunctivitis, hepatitis, cholangitis, genitourinary infec-
tions, myositis, and other sites of disseminated disease.

There are currently 15 species known to infect humans; of
these, Trachipleistophora hominis and Trachipleistophora an-
thropophthera, Pleistophora ronneofiei, and also Brachiola al-
gerae, Brachiola vesicularum, and Brachiola connori have been
reported to cause myositis (52). Microsporidia myositis has
recently been reviewed, with only nine human cases reported
in the literature (52). Clinical symptoms include muscle pain,
weakness, wasting, and fever. Creatine kinase levels are often
elevated. Diagnosis is by muscle biopsy with light and electron
microscopic examination. Treatment is with albendazole; ther-
apy with both albendazole and itraconazole in combination has
been reported with mixed results (31, 48). Prevention measures
are unclear, since the route of infection is unknown; however,
sanitary measures and avoidance of insect bites may be useful.

Toxocara canis

Toxocara canis, the dog tapeworm, is acquired by humans via
the accidental ingestion of Toxocara eggs. Children are most
commonly affected due to their exposure while playing in con-
taminated areas. The two predominant syndromes include vis-
ceral larva migrans (manifesting as fever, hepatomegaly, and
wheezing) and ocular larva migrans (visual loss). Cases involv-
ing transient myositis have been reported (247), as have cases
of myocarditis (2). Toxocara migration has also been cited as a
potential risk factor for the development of bacterial pyomyo-
sitis (130, 183). Eosinophilia is present, and the diagnosis is
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usually made by serologic testing. Therapy is with albendazole
for cases of visceral larva migrans, whereas its use in ocular
disease is not beneficial; laser photocoagulation may be useful
for eradicating migrating ocular larvae. Patients with severe
symptoms as well as ocular involvement should receive corti-
costeroids. In the case reports regarding skeletal myositis,
symptoms were short term and self-resolved without specific
treatment (247). Prevention is by precluding children from
playing in areas potentially contaminated with Toxocara eggs.

Other Parasites

Schistosoma species may cause myalgias during the migra-
tion of schistosomula and egg deposition. The syndrome of
Katayama fever usually occurs six weeks after exposure to fresh
water from which cercariae can penetrate through the skin
(190). Most cases of Katayama fever are due to Schistosoma
japonicum (found in Asia) or Schistosoma mansoni (found in
Africa, South America, and the Arabian Peninsula). In addi-
tion to myalgias, individuals with Katayama fever typically
present with fever, chills, cough, headache, abdominal tender-
ness, and urticaria resembling a serum sickness-like disease
(190).

Another form of muscle involvement after S. mansoni infec-
tion has been described in reports involving localized and dif-
fuse muscle weakness and atrophy (141, 142); confirmation
regarding the association between Schistosoma infection and
the development of myopathy is needed. Diagnosis of a schis-
tosomal infection is suggested by travel history, eosinophilia,
and perhaps a history of swimmers itch. Stool examination
using the Kato thick smear technique to identify schistosome
eggs or serologic tests can establish the diagnosis. Treatment is
with praziquantel. Therapy in acute disease is advised to pre-
vent the possible long-term complications of schistosomiasis
including hepatosplenic or genitourinary disease. Prevention is
by avoidance of swimming in contaminated water.

Echinococcus spp. are found in the Middle East, Central/
South America, Russia, and parts of Europe and usually cause
cystic disease of the lungs or intraabdominal organs. Occasion-
ally, echinococci cause skeletal muscular infections in <1 to
4% of cases. Patients may present with symptoms of a slowly
growing mass or acute pain due to cyst rupture. Alternatively,
muscular involvement may be incidentally detected on radio-
graphic studies showing a calcified Echinococcus cyst (34, 202).
The thigh is a common location for cysts, but paraspinal, pel-
vic, deltoid, and psoas locations have also been described (73,
202, 230). Some cases were initially misdiagnosed as tumors
(11, 107). One report suggested that preexisting muscle dis-
ease, such as myotonia congenital, may increase the risk for
echinococcal involvement of skeletal muscles (202); however,
most cases have occurred among patients without preexisting
muscle disease. Disease is acquired through the ingestion of
contaminated food or water with echinococcal eggs. Diagnosis
is confirmed with a biopsy showing the multilaminar cyst mem-
brane characteristic of this infection; serologic tests may be
obtained but may be negative in skeletal infections (230, 240).
A PCR has been described to detect Echinococcus spp. DNA
within the cyst fluid (240). Treatment of muscular lesions is
primary, with surgical removal as well as albendazole therapy
(9, 34). A modified percutaneous approach for drainage was



488 CRUM-CIANFLONE

recently described for muscular lesions (166). Chemotherapy
with albendazole should be given before surgery if there is a
risk of spillage of cyst that may lead to an anaphylactic reac-
tion. Some cases have used combination therapy with both
albendazole and praziquantel in the setting of spillage of cyst
contents during surgery (230) and in inoperable hydatid dis-
ease (129).

Entamoeba infections most often result in gastrointestinal
infection and liver abscesses. Case reports of abscess formation
in the skeletal musculature have been rarely reported, includ-
ing one case with a psoas abscess due to E. histolytica (164).
Experimental animal models have demonstrated that Entam-
oeba may lead to muscular abscesses (39), but clinically cases
have been overall uncommon. Treatment is with surgical drain-
age and metronidazole.

Spirometra spp. cause sparganosis, a cestode infection ac-
quired by drinking contaminated water or, in Asia, by ingesting
raw snakes or frogs. Symptomatic infections are characterized
by the appearance of subcutaneous nodules. Occasionally, Spi-
rometra can involve the brain and other critical locations. Scant
cases of muscular involvement have been reported, including
orbital myositis and pyomyositis of the thigh (125, 128). Diag-
nosis is by biopsy of the lesion. Treatment is with surgical
debridement along with praziquantel.

Malaria is acquired through the bite of a female Anopheles
mosquito. Infection with Plasmodium falciparum commonly
causes myalgias and/or myositis. In addition, biochemical
changes and histopathologic evidence of skeletal muscle dam-
age (by muscle enzyme elevations or muscle biopsy results,
respectively) have been frequently noted (56, 149). Rhabdo-
myolysis and myoglobinuria with acute renal failure are rare
complications of severe P. falciparum infection (215). Rhabdo-
myolysis due to other Plasmodium spp. (e.g., P. vivax) has been
very rarely noted; one case report occurred in a patient with a
concurrent muscular enzyme deficiency (177). Diagnosis is es-
tablished by identification of Plasmodium spp. on thin and
thick blood smears. Therapy is with antimalarial agents, such
as quinidine gluconate or quinine sulfate for severe cases.

Onchocerca volvulus causes river blindness in Africa and
Central/South America after a person is bitten by a Simulium
black fly. Most commonly, skin disease, nodules over bony
prominences, and eye disease develop. Eosinophilic myositis
has been reported in a single case (161). Diagnosis is by biopsy
showing microfilariae; ivermectin is the drug of choice.

VIRAL MYOSITIS

A variety of viruses may cause myalgias, polymyositis, or
virus-associated rhabdomyolysis. Often the symptoms of myo-
sitis are diffuse in nature, and patients have other symptoms
and signs attributable to the causative viral pathogen. The most
commonly reported causes of viral myositis in the United
States are influenza A and B viruses (6, 85, 101, 138, 147, 154).
Several other viral pathogens, including enteroviruses (23, 63,
79, 84, 115, 252), HIV (37, 53), human T-cell leukemia-lym-
phoma virus (HTLV) type 1 (153, 162), and hepatitis viruses (B
and C) (61, 148, 163, 175) may cause myositis and are discussed
below.
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Influenza A and B Viruses

Influenza virus infections occur almost every winter in the
Northern Hemisphere and typically manifest as fever, head-
ache, cough, and rhinorrhea. Myalgias may also be a common
initial complaint (occurring before or along with the systemic
symptoms) and are usually diffuse in nature. Most influenza
cases manifest as an upper respiratory infection or pneumonia.
Nonpulmonary complications include myositis, myocarditis,
and meningoencephalitis (228).

Myositis due to influenza was first clinically described in the
1950s as “myalgias cruris epidemica” and was proven to be due
to the influenza virus in 1970 (138, 154). It is characterized by
the sudden onset of calf pain often accompanied by difficulty
with ambulation. Myositis is distinct from the initial symptoms
of myalgias by its later onset, more focal location, and more
severe intensity. Myositis is an overall common finding occur-
ring in 6% and 34% of children with type A or B infection,
respectively (101). Muscle involvement is more common in
influenza B virus infections, perhaps due to the presence of a
unique protein (NB protein) used for viral entry which may
make B viruses more myotrophic than influenza A viruses (24,
101, 208); more studies are needed.

Most cases of myositis have been described in school-aged
children (mean age, 8 years); children may be more susceptible
to muscle involvement due to the influenza virus’s tropism
toward more immature muscle cells seen in animal studies (55,
208). Cases have been described among adults, including the
elderly, albeit, less frequently (6, 263).

A review of 316 cases found that muscle symptoms usually
begin in the early convalescent phase of the illness approxi-
mately 3 days (range 0 to 18 days) after the onset of fever and
respiratory symptoms (6). Boys are most commonly affected,
with a 2:1 predominance (6). Calf muscles are often involved,
examination may reveal tenderness on palpation and the pres-
ence of gait difficulties (6). Among cases of influenza virus-
associated myositis, in two-thirds of cases, the calf muscles
were affected alone, whereas one-third of cases occurred in
multiple muscular groups in addition to the calf muscles.

Laboratory tests usually reveal an elevated creatine kinase
level; lactic dehydrogenase and aspartate aminotransferase
levels may also be increased (6, 101). If an electromyogram is
performed, there are myopathic changes. Diagnosis is usually
made by the clinical history, presence of influenza in the com-
munity, and by detecting influenza virus in nasopharyngeal
specimens. Muscle biopsy is not routinely recommended; how-
ever, the virus has been isolated from muscle tissue (85). In-
terestingly, histopathologic examination of muscle reveals de-
generation and necrosis, with overall little inflammatory
infiltrates; in mild cases, the findings may be patchy (6, 55).

Treatment is symptomatic, as myositis is self-limited, usually
resolving within a mean of 3 days (range, 1 to 30 days) (6).
Antiviral medications (e.g., neuraminidase inhibitors) are use-
ful for decreasing the duration of respiratory and systemic
symptoms if administered within 36 h of symptom onset. How-
ever, myositis occurs after the onset of systemic symptoms, and
hence this window of time is usually surpassed. The efficacy of
antiviral treatment for acute benign myositis is unknown and
hence is not currently recommended.

Influenza virus-associated rhabdomyolysis has also been de-
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scribed. In fact, a recent study of the most common viruses
implicated in rhabdomyolysis included influenza virus, HIV,
and enteroviral infections in descending order of frequency,
with 42% of cases being due to influenza virus (214). In a
review of over 300 cases of influenza myositis, 3% were ac-
companied by rhabdomyolysis (6). Influenza A is more often
associated with rhabdomyolysis than type B, and its occurrence
is more frequents in girls (6); both findings are opposite to that
seen in acute benign myositis. Cases have been noted in both
children and adults (8, 154). Influenza virus-associated rhab-
domyolysis may be complicated by renal failure and the devel-
opment of a compartment syndrome (6, 101).

Enteroviruses

Enteroviruses, including coxsackieviruses (group A and B)
and enteric cytopathogenic human orphan (ECHO) viruses,
may also cause myositis (115, 119). Most common among this
group is coxsackievirus B infections manifesting as pleurodynia
(also known as Bornholm disease) (252). Infections are typi-
cally noted among children who present in the summer or fall
with paroxysms of severe, sharp chest pains. The costochondral
muscles may be tender on palpation.

In addition to pleurodynia, cases of rhabdomyolysis due to
coxsackieviruses and ECHO viruses have been reported (23,
63, 79, 119, 178). Cases due to coxsackieviruses occurred over
a wide range of ages (9 to 57 years) with a male/female ratio of
0.6 (79). A variety of serotypes caused these infections, includ-
ing A9, A16, and B2-B6. The pathogenesis of myositis is some-
what uncertain, but muscle biopsies have shown degenerative
necrosis of the muscle fibers and picornavirus-like structures
(84). Further evidence of coxsackieviruses’ ability to directly
cause myositis is that the virus has been shown to produce
muscle damage in animal models. Diagnosis is usually made on
the basis of the clinical picture alone. The virus can be detected
in stool samples or by serologic testing; a fourfold rise in the
titer suggests an acute infection. Muscle biopsies are not war-
ranted. Therapy is symptomatic; the disease usually resolves in
several days, but recurrences of pleurodynia have been de-
scribed in up to one-fourth of cases (252).

HIV

HIV infection can cause a wide range of skeletal disorders,
including myopathy, polymyositis, and rhabdomyolysis (37, 53,
71). HIV has been found in lymphoid cells surrounding the
muscle tissue, but not within muscle fibers, suggesting that the
pathogenesis of myositis is immune or cytokine mediated
(264). A case of polymyositis in a patient coinfected with HIV
and hepatitis C virus did not find either virus in muscle exam-
ination using PCR (188). Muscular disease may occur anytime
during HIV infection, including during acute infection or dur-
ing late-stage disease (118). Diagnosis is often by exclusion;
other causes of myopathy that are common among HIV-in-
fected patients must be excluded, such as medications (e.g.,
zidovudine and didanosine), opportunistic infections, and wasting
syndromes with muscle weakness (37, 118). Management of cases
involves supportive care, including anti-inflammatory medica-
tions; one review showed that immunosuppressive agents (e.g.,
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corticosteroids, azathioprine, and methotrexate) may be useful
(118).

HTLV-1

HTLV-1 is the cause of adult T-cell leukemia/lymphoma and
tropical spastic paraparesis/ HTLV-1-associated myelopathy. It
is endemic to the Caribbean, Africa, Japan, and the southern
United States. Polymyositis has been diagnosed in association
with HTLV-1 infections in locations of endemicity (153, 162).
Like HIV, the pathological mechanism is thought to be immu-
nologically mediated (134, 264).

Hepatitis B and C Viruses

Hepatitis viral infections have been associated with a variety
of musculoskeletal syndromes, including polyarthritis, cryo-
globulinemia, and polymyalgia rheumatica. Both hepatitis B
and C viral infections have also been associated with the de-
velopment of polymyositis in case reports (61, 148, 163, 175).
One case developed polymyositis in association with hepatitis
B surface antigen-positive hepatitis; the severity of the myositis
appeared to be associated with hepatitis flares in this case
(163). Symptoms include myalgias and proximal muscle weak-
ness. Polymyositis due to hepatitis B or C virus is likely an
immune-mediated process; patients have been treated with
corticosteroids.

Other Viruses

A variety of viruses have been described as causes of benign
acute myositis and/or rhabdomyolysis. These include parain-
fluenza virus (156, 266), adenovirus (194), and respiratory syn-
cytial virus (160). Often there is a history of an upper respira-
tory or gastrointestinal illness. The diagnosis in these cases is
usually suggested by serologic studies or by culture results from
nasopharyngeal or stool specimens. Rarely, muscle biopsies
have been performed in an attempt to identify the virus by
immunofluorescent studies, electron microscopy, or virus iso-
lation. Whether myositis caused by these viruses is due to
direct infection of the muscles or as immune-mediated phe-
nomena (by an “innocent bystander” mechanism or by immu-
nologic cross-reactivity due to homology between viral anti-
gens and muscle proteins) is often unclear in these reports
(160). Most biopsies have not revealed a direct viral effect,
suggesting an immune-mediated pathogenesis.

Other viruses linked to myositis include herpetic viruses,
such as cytomegalovirus (139, 160), Epstein-Barr virus (178,
203, 234), herpes simplex virus (203), and varicella-zoster virus
(13). Dengue virus has also been associated with myalgias and
myositis; a recent report described a severe case of myositis
due to dengue virus (77). Finally, evidence that other viruses,
such as paramyxovirus (mumps), parvovirus B19, and West
Nile virus, cause myositis is limited to date and requires further
study (83, 105, 120, 126, 218, 264).

CONCLUSION

Infectious agents which cause myositis include bacterial, fun-
gal, parasitic, and viral pathogens. Manifestations are variable,
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including local muscle abscesses, diffuse infectious myositis,
generalized myalgias, and acute rhabdomyolysis. Some patho-
gens are associated with a specific clinical presentations (Clos-
tridium perfringens leading to gas gangrene), whereas other
microbes (e.g., viruses) can lead to a variety of types of muscle
involvement, including both direct infection and immune- or
toxin-mediated injury. Bacterial and fungal myositis is typically
localized to a specific muscle group and in temperate areas
often occurs among immunosuppressed patients. Viral myosi-
tis is often diffuse in nature, while parasitic myositis often has
a suggestive travel history and concurrent eosinophilia. Diag-
nosis is based on the clinical picture and the associated labo-
ratory and radiological data. Treatment often requires a mul-
tispecialty approach, including infectious disease specialists,
radiologists, and surgeons.
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